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This Invention relates to crepe paper sheet riaterlal 
and to niethods of naklhg the same. 

' Crepe tissue products have a general utility in 
applications where absorbency la a factor. These include, 
for example, household and industrial wipes, towels, 
packaging, cushioning materials and the like. 

The creping of paper on a Yankee drum surface is , 
well known. It involves crowding the tissue paper sheet in 
the longitudinal direction while it is adhered to the drun 
10. to "cause disruptlch of f iber-to-f ibc-r bonds, that is, to 

limit fiber-to-flber bonding. The creping action may take 
place when the sheet is weJ 1 dried on the Yankee or whlle.lt 
irj in the v/et, somewhat plastic state, as. is known to the 

art. . . 

The crepe tissue sheet is constituted by a plurality 

. ' • . . . -■- . . • ..." •• , . •/..■. . " . 

of successive hills and valleys extending generally, though 

not completely uniformly, in a direction transversely of the 
sheet. This hill and valley effect chax^acterlzlng crepe 
tissue webs causes the web raterial to absorb liquids and the 
20 like in such a manner that the absorbed liquids move prefer- 
entially transversely in the sheet. That is, the usual crepe 
tissue product has a hlghdcgree of directionality, particu- 
larly as to absorbency.. In specific application, fcr exar.pl e, 
a dr-op of fluid deposited in the usual tissue having any sig- 
nificant degree of crepe will be absorbed usually In an 
elliptical pattern. The long axis of the ellipse will co- 
incide with. the valley, or transverse direction of the crepe 
sheet. 

A pri:^ry object of this invention Is to provide 
3g alinorhrnt crcpc nhcct !r:iterl tl which- ia l.f.iiroVcd ^" 
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. uniformity of absorbency. in effiect, a more square sheet as 
to absorbency characteristics for oil, water, and the like Is 
achieved. 

An Important object of the Invention la to provide 
an absorbent crepe paper sheet material having a pronounced 
nap. 

Yet another object of the Invention is to provide an 
absorbent crepe sheet material constituted by a multiplicity of 
successive hills and valleys wherein the valleys are bridged by 
10 fibers which aid wicking of fluids through the sheet. 

Another object of the Invention is to provide an im- 
proved process for the production of crope paper wherein, by the 
creplng action, bonding between fibers is not only reduced but • 
a substantial proportion of fibers are caused by the creping 
action to separate from others of the fibers and to. In effect, 
pop up from the surface, thereby opening up the pores between ■ 
fibers and providing a nap surface on a sheet. 

These and other allied objects of the invention will 
be more fully understood by reference to- the following detailed 
■ 20 description and accompanying drawings wherein: 

Fig. 1 is a flow chart lllus,trating steps in a pre- 
. ferred embodiment of the invention; 

Fig. 2 is a fragmentary J greatly enlarged transverse 
view Illustrating the crepe product; and 

Fig. 3 Is a somewhat Idealized view of a crepe sheet 
In accordance with the invention, the fiber orientation being 
Indicated largely as longitudinal for the sake of clear repre- 
sentation. . 

• In accordance with the. invention I Incorporate in 
30 a papernaklng furnish with the usual papermaklng piilp fibers 
a substantia} quantity of slcnif Icantiy stiff crosslinked 
wvo^j pulp colluloslc fibers of papermaklnr. le;i(st>). The 
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. characterlatrcs of the stiff fibers which snake them particularly 
useful in the praccice of the present invention include: a 
. aubst^tlat lack of ihterflber bonding capacity for each other 
and f or the "papermaKing fibers in the wet and dry state, 
naturaily occurring kinks and curls of the original wood 
pulp fibers set in the fibers by crosslinklng, a substantial 
fiber rigidity. but subject to resilient compression when wet, 
and a distinct capacity for being wetted by aqueous fluids. 
The furnish is a uniform blend of the fibers which are inter- 
O felted together in a sheet by waterlaying (Fig. l). The 

conventional steps of , dewaterine and wet pressing follow and 
coauiiorily the sheet is presented on a Yankee diryer surface to a 

creping blade. 

The sheet formation,' water content reduction and wet 
pressing provide a wet sheet in which the - inter fol.ted fibers 
are pressed together and lie substantially parallel to the 
same plane. The usual cellulosic paper.:«king fibers, as is. well 
. known, have an Inherent riber-to-fiber bonding capacity. This 
...capacity is' very pronounced when the sheet is dry tc the touch 
.0 and is. commonly termed hydrogen bonding. In the sor-ewhat wet 

plastic, state a significant, though lesser fiber-to-fiber 
.. bending capacity, exists between papermaking fibers . The stiff 
■ ■ brosslinked fibers lacking in aignif leant bonding capacity but 
■ interfelted with the paper!nakin(5 fibers become retained by the 
latter. .Additionally, the kink and curl of the crosaifnked 
-fibers and the resilient conpressibillty of. the flber^ apparontl 
: permits' a significant force to be exerted ui>on the paper-iaking 
. fibers serving as retainersV Then when the sheet is dried on 
the Yankee to effect at^least some drying, 'flter-to-fiber bonis 
30 develop between the. pai>ermaklnc ri'->er3. The web is then 
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presented to the creplng blade,' and bonds between the cellu- 
J. ." loslc papiermaking fibers are disrupted by creping action. The 
more dry the sheet as It Is presented to the blade thi more It 
adheres to the Yankee dryer surface and the greater Is the dis- 
ruptive effect of the blade. Additionally, usually the greater 
the adhesion the more of the hill and valley effect common to 
. crepe sheets is attained. 

Release of the bonds between the celluloslc papermakln^ 
fibers by creplng .action la facilitated by the stiffened fibers. 
10 These fibers, having been held under compression in the plane 

sheet, urge the celluloslc retaining fibers apart, providing for 
very open pores between fibers. More .noticeable visually is the 
development of a nap on the sheet surface. This is occasioned 
by the stiff fibers springing up from the web surface as they are 
. released* Importantly,, these stiff fibers project in all 
directions' within and from the sheet surface including 
bridging of hills and valleys of the crepe sheet. 

The resulting product of the procedure as described 
surprisingly exhibits a much more square absbrbency character- 
20 i3tlc\ than does crepe sheets of only the usual celluloslc paper- 
. making fibers. With prioi^ art tissues having a distinct, crepe, 
that is, a ratio 1.1:1 and abovei the wicking rate for fluids, is 
. much greater along the hills and valleys and the absorbency 
pattern for a drop of fluid, oil or water, la generally, 
elliptical vfith the. long axis in the valley direction. As the 
crepe ratio increases the disparity between the. valley direction, 
and the cross -valley -or longitudinal direction of the sheet in- 
creases. In the crepe sheet of this invention the absorption 
characteristic for a drop of fluid at low crepe ratios is sub- 
30 stantlally circular and very nearly so even at high crepe . 

ratios. . Preferably, the. crepe ratio is between about 1.2:1 and 
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3:1.' In some Ir.atances a nearly circular absorbency character- 
istic niay be obtained with conventional .fibers by fdrawing out a 
large :proportlon of the crepe and calendering tut this -4s at the 
expense, of transverse wlcklng rate. In thW. present Instance 
transverse wlcklng rate Is maintained and the circular pattern 
of absorbency Is evidence of -Che Increased total Wlcklng rate 
of the sheet of this Invention In tne absorption of fluids. 

In a preferred embodiment of the Invention stiffened 
wood pulp fibers were ■prepared by first forming a mat of 
bleached southern pine pulp; this oat was then saturated with 
an aqueous solution of dlraethjlol urea in which the dlmethylol 
was present to the extent of . about 12^ by weight. The solution 
Included also as catalyst ammonium chloride to the extent of 
abbut 2=6 by weight of the disiethylol urea. ,,The pulp mat, after 
saturation with the solution, was pressed to a 200^ wet pickup 
and air dried. This sheet was then rJefibered In a hara.Tiefmill to 
form a fluff consisting essentially of Individual fibers. The 
fluff was cured at about^ 130-125'^C. in order to effect, cross- 

linklrig. . . ■ . ,< . 

Under the circumstances of the example the dimethylol 
urea solution penetrates the fiber and . is primarily within the 
puip fibers rather than between fibers as Is cawnon in the pro- 
' (iuction of .wet strength prodbcts!: The heating' of 'the impreg- 
nated^ material is effective to set the. crossllnklng agent within 
the fibers to aaterially stiffen the fibers and to change' to 
some extent tha surfa:e character of the. fibers. The fibers, 
however, are readily disperslble in water and are suitably 
washed in water after curing for use in the practice of the 
invention. Washing re.-novM catalyst and any unreacted soluble 
agents. , / 
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,; :./'■ } \A usual' papermaklng . pulp ■ for tissue purposes , that Is , 
. a; 50-56- blen^ by weight of. bleacVed pujp and a 

. •spruce icraft pulp were roailV Tup aa'- a' p^^ furnish;' For 

this purpobe the pulp* blend was refiriWd to a Canadian Standard 
Preenes's of about 550, * XdditlonaxiyV ^ conjbinatldh • 

included 1^ by weight based on the* pulp weight of a wet strength 
resin. About 30f by weight of the stiffened fiber in aqueous 
suspension and produced as described above was added to 705^ by 
weight (air-dry fiber basis) of the pulp blend to form the 
papermaking furnish. A tiss'ue sheet was formed on the paper- 
making machine In customary manner/, that is,, by passing the 
furnish, at about 0.2^6 consistency to a wire 'of a Fourdrinier 
machine. From the Fourdrinier wire the' formed^ sheet moved on a 
felt and then to a highly polished 'surface of a Yankee dryer 
against which it was Ijiid by means oif a press roll, the paper . 
sheet exhibiting excellent adherence; to the dryer. A suitable 
mechanical, arrangement - for ''thei purpose /- IhcTudlng oreplng on a 
Yankee dryer, is iUuWtraUd : in United States patent Ko. . 
3,014,832. Tli.e. sheet as... it-^^^^r^^ tb^ ' 

expand but, apparently, .fibers are -re by the water present 

sc i hat the fibers remain .parallel to V'pl^^^ " 

In the present . instance the "sheet 
3 ub J e c ted td. a "surf ace t;e'^p^6 ra t ure of a bout 230^ ' and the 
sheet was well dried -13^5$^ ihois^^^ before creplhg/ The sheet 
adhered well to the dryer and the crepe was bf/excellent 
uniformity. The crepe ratio was about 1 .7: 1 . '' ■ . ' ' 

Under t::e action: of the creping blade the usual hills 
and valleys developed in the. sheet , - Additionally, the 
stiffened fibers released J.n part and "protruded in all " 
directions from the fiber . surface . Under the microscope many 
extending fibers appear as subistantially individu.»l fibers 
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while other projec tins, fibers are in small groups, sonie of 
' which extend longltudin^ of the, sheet and bridge a 
plurality. of .valleys . 

As lllustr^»ted in the representation of Flg3..2 and 3, 
the creped' sheet 1 is quite open and the extended stiff fibers 2 
are apparent. The profusion of the stiff fibers 5 which bridge 
hills 3 and valleys ^ (Fig. 3) is evident. The stiff fibers are 
held in position by interlocking contact with the papermaklng 
fibers 6. The stiffened fibers are not visually distinct from 
10 the other fibers and many stiffened fibers do not protrude from 
the sheet thickness but expand the sheet internally by enhancing 
fiber separation. This contributes to an improved sheet bulk. 
. The inclusion of the stiff crosslinked fibers in the 

sheet appears. to shorten thepath length for fluid wicking in 
the longitudinal direction of the sheet. The transverse sheet 
. direction in which the hills and' valleys run is slightly im- 
proved as to the rate of wicking . in many instances, but the " 
change is small compared with the change in the so-called 
machine or longitudinal direction ci- the sheet. The very 
20 material increase in rate of wicking in the longitudinal 

direction gives rise to almost equal wicking rates in both . 
. ' sheet directions at a 5O-6056 crosslink fiber level. This is 

governed, to some extent by the amount of stiff crosslinked fiber 
.. . included and to some extent, probably, the crepe ratio and 
fineness of crepe. As crepe ratio Increases, that is, tjie 
hills and valleys are closer together, transverse wickihg rate 
tends to increase in the absence of the stiff . fiber and to be 
hot materially affected by the stiff fiber introduction. The 
/ longitudinal. rate* of wicking increases with crepe, ratio but 
io this is slight in co,*nparlson with/ the increased wicking rate !n 
the longitudinal sheet direction occasioned by the Introduction 

of the stiff fiber. . 
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A repeiatedi series of tests ■ liasedi b the papermaklng 
furnish desdriWd -in ^^^d^ above, - but with varying perc^ . 

of the. stiff fiber,, clearly shows the Influe^ fibers 
upon absorbency In the longitudinal direction.: The wlcking rate 
aa.meiaured over a 3-lnch length of the product increases sharply 
with the inclusion of IC^ of the cros^llnked fibers and any sub- 
stantial proportion, even 5^,. is effective. At a 203^ inclusion 
of stiffened fiber the wlcking rate in the machine direction 
doubled; at the wlcking rate was Quadrupled and a|(I?..609S the 

10 wicklng was six times that of a sheet from a furnish of the paper- 
making fibers having no stiff fiber. In addition, the wicklng 
rate for the sheet as a whole and the total sheet absorbent 
capacity Increased 'materially, . Also, while the above figures are 
based oh water absorption, oil absorption values for both wicklng 
and . total absorption increased to the same extent; for exajnple, 
the capacity of a sheet to' retain oil was . doubled by the inclu- ' 
sion of 4P5^ of the stiffened fiber, wriile the wlcking rate for 
oil was quadrupled.' 

. ' In the range of 50-605? of the stiff fiber the absorb- 

20. ency characteristic, is nearly.'square for most furnishes for both. ' 
oil: and water absorption. While the . sheet is more bpen> aiding, 
wicklng," the fiber': bridging. effect appears' to be an important in- 
fluence ;. in the fluid cphduction in the; direction. The 
stiff fibers theraseives extend rather heterogeneous ly and are 
twisted and curled in various directions though probably a major-. 
Ity of the fibers extend in the longitudinal or machine direction 
and provide for .i considerable wicklng action. In many in- 
stances the bridging fibers are- s:i..igle= fibers. In other In- 
stances, small groups bundled together, and probably including 

30 some papermiaking' fibers, effect the bridging. 

: The sheet feei, despite the presence of stiff fibers. 
Is that of a relatively soft nap surface. This wob surface 
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does not become as H»?ri on wettins an?l re -drying as do more 
tightly bonaed 3hWtsl" =^ the. sheet retains the 

protruding stiff fibers. 

The product of the invention recovers quickly from 
wet squeezing or pressing. Void volurie of t>ie product under 
llgKt pressures comr-on to the applications In which these tissue 
products are employed Is not only greater than for. the usual 100* 
wood pulp furnish but. Importantly. Is greater under light 
pressure, I.e., O.M pounds/square Inch-. The Introduction, for 
example, oX about 25-5<^ of the stiffened fiber Into the piles 
of a wiping material Is effective, to lend considerable rigidity 
to the structure of the sheet and to maintain absorbent 
capacity even under pressures. 

It 13 common practice: tp employ, creped sheets In multl- 
. ..ply form and the characteristics mentioned are applicable to such 
superposed sheets. In such Instances the conjoint rugosities of 
adjacents dp not match and the composite has approximately the . 
bulk of an equal nuaber of single sheets. 

,• " The Invention has been described particularly In con- 
nection with dry creped sheets, that Is, sheets haying a 
moisture upon creplng of up to about 8^ bone dry basis. 
Sinilar results are attained when the creplng is effected wet. 
that is, up to about SSSi moisture content. - The absorbent ■ 
properties are little affected by drying after creplng, due, 
apparently, to the high degree of resiliency of the sheey The 
. nap in some Instances appears to be slightly, less than .^^s 

attained with dry creplng. The noted squareness of absorbency 
is, however, attained, and the slight difference In the con- 
centration of the fibers pfbvldlng the nap Is not apparently 
. . significant. 
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It will be understood that this invention Is suecep- 
tlble to mbdiricatlon In order to adapt to different usages and 
conditions and, accordingly, it Is desired to comprehend such 
modifications within the invention as may fall within the scope 
of the appended claims. 
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. The .eabodir.ent, of. the Invention In which an c-xcluaive 

property or prlvliege 13 ;ciai«d are defines as follows; 

1. The method of producing an absorptive conforaiatlo 
crepe sheet matWlal which corsprlses: 

. a) forralng a papermaklng furnish consisting esao.n- 
tlally of ceilulosic paperir^klng. fibers and stiff crossllnked 
•wood pulp ceilulosic fibers of papermaklng length characterize', 
by properties Including a lacf. of Interflber bonding capacity f.r 
each other and for the paperrnaklng fibers, naturally occurrlnE 
klnks and curls set In the wood pulp fibers by croaslinklng, a 
substantial rigidity but subject to resilient compression when wet 
and. dry and a capacity for being wetted by aqueous fluids; 

b) mterfeltlng tne fibers of the furnish by water- 
laying the. furnish to form a wet paper sheet; 

c) subjecting the wet paper sheet In succession to 
a dewaterlng action and to wet pressing so that the inter felted 

...fibers are pressed together to be substantially parallel to tho " 

same- plane; ' . . ' . 

d) drying said sheet to a moisture content suit- 
able for creping "and to produce f Iber-to-f Iber bonds between c..,:- 

. tacting cellulose papermaklng fibers whereby Interfelted stiff 
crossiio^edflberh are retained; and 

e) breping the sheet, subsequent to the said .iryln.c 
operation to urge the sheet Into a succession of hills and val- 
leys' extending transversely of the sheet to disrupt flber,to- 
flber bonds. between the ceilulosic papermaklng fibers to'therel.y 
release, the-.stlff fibers in large measure fro.-n the pressed and 
interfelted relation and to cause the stiff flt.rs to resilU-ntly 

. urge the ceilulosic papcrn^klng fibers apart and to. protrude In . 
n>ultipUcity of directlors fro^» and to bridge the hllls and val- 
- leys of the sheet fcrninG a na;. surface on the. sheet. 
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2. .-The method, according to. Claim 1 wherein the. sheet . 
ia substantially completely dried before creping. 

3, The method -according to Claim 1 wherein the sheet 
is dried to a moisture content; of at least about 33^ before 
creping and is subsequently further dried to an air-dry condition 

^. The method according to Claim 1 wherein the stiff 
brossllnked wood pulp fibers are present In the papermaklng 
furnish to the extent of between about 10 to 60^ by weight based 
upon the total, weight of the fiber of the furnish. 

5, An absorbent crepe tissue paper sheet in the form 
of a porous, bulky' flbroufs web having a nap surface' and charac- 
terized by a succession of hills and valleys, said sheet con- 
sisting essentially of celluloslc papermaklng fibers Interfelted 
with a substantial proportion of stiff crossllnked wood. pulp 
fibers of papermaklng length cht-\racterl zed by properties 
Including naturally occurring kinks and curls set in the fibers . 
by crossllnking, a substaiitlal lack of interflber bonding 
capacity for ..each other and for the papermaklng fibers when wet 
and dry, a capacity for being. wetted by fluids and a substantial 
rigidity when wet anjd dry, said papermaklng celluloslc fibers 
being bonded together at points of contact and retaining the 
stiff crossllnked fibers in the sheet, said stiff crossllnked 
fibers projecting froni the hills and valleys of the sheet in a 
multiplicity of direptions and. some of said stiff . crossllnked 
fibers bridging hills and valleys of the sheet. . 

\6.- An absorbent crepe tissue product, according to 
Claim 5 wherein the stiff crossllnked wood pulp fibers are 
present to the extent, of between about 10 to 605^ of the fiber 
weight and. the celluloslc papermaklng fibers are present to the 
extent of between about 90 to HOf of the fiber weight. 
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.' An absorbent^ crep^ tissue product according to 

Clai^ 6 wh^^eln the rUiff crossll.Ked fiber la:pr.3ent to t.e 
extent of between about 50 to of the fiber v,ei^. and the 
.lOclnB rate in the longitudinal direction of the sheet is 
sur^t^ially the sa^e as the wiCin. rate in the transverse 
direction of the sheet. 
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